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(Ryther, 1969, Science)



An effort started half century ago …

> 4000 articles since 1980

>> $120 million investment



5

Half century ago:

~15 Gt/year

From over 7000 measurements

(Former Soviet Union …)

Global PP:



Sputnik (1957)



(Perry, 1986, BioScience)

Remote sensing via satellite is the only feasible means …



Mission of ocean color remote sensing

“One of the principal applications of 

satellite ocean color data is to derive 

net primary production (NPP).” 

--- McClain (Annu. Rev. Mar. Sci., 2009)
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Logically, the appropriate data product from an 

ocean color satellite to scale up local NPP 

measurement.



“Aspects of the photosynthetic process and of the 

environmental conditions (e.g., light or nutrients) are 

parameterized as a function of either biogeography and/or 

one or more variables which can be measured from 

spaceborne sensors.”
(Carr et al, 2006, PPARR_2)

How ? Why?

Chl !!!



(M. Margalef, 1965)



(Behrenfeld and Falkowski, 1997)

VGPM:

energynutrient

Chl-based approach to estimate PP



“A primary goal of ocean-colour remote 

sensing is to produce synoptic fields of 

chlorophyll pigment …”  

--- IOCCG Report #2





• “The best performing algorithms agreed with 

the 14C-based estimates within a factor of 2.

• There were significant regional differences, as 

well as algorithm-region interactions”

“… the tropical Pacific database captures a broad scale shift 

from low biomass-normalized productivity in the 1980s to 

higher biomass-normalized productivity in the 1990s, which 

was not successfully captured by any of the models.”

PPARR summary:

(Carr et al, 2006, PPARR_2)



Why the estimated PP from ocean 

color is not that exciting? 

Chl !!

“成也萧何，败也萧何” –-- success and failure 

are determined by the same figure.



1. “Nature” of standard ‘Chl’ product:
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Change of Rrs band ratio not necessarily represents change of [Chl]!
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funChl Rrs: remote sensing reflectance

a: absorption coefficient

bb: backscattering coefficient



(Platt et al, RSE, 2008)

In addition:

(Bricaud et al 1995, JGR)

a*ph is not a constant for a given Chl, and it varies greatly!

Chlaaa

Chlaaa

a

a

R

R

phdgw

phdgw

rs

rs

)440()440()440(

)550()550()550(

)440(

)550(

)550(

)440(
*

*

++

++
=



Nature of ratio-derived “Chl”

At the center of South Pacific Gyre

May 2009, Global, MODIS

Ratio-derived “Chl” is re-scaled total absorption coefficient!
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Analytically derived a(443)  [m-1]
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(Behrenfeld and Falkowski 1997)

2. chlorophyll-normalized photosynthetic rate



(Behrenfeld and Falskowski, 1997, L&O)

“… the single most important parameter needed to 

improve algorithms is information on the maximum light-

saturated rate of photosynthesis, PB
max (or PB

opt).”

(Platt et al 2008, RSE)

Variation of chlorophyll-normalized maximum photosynthetic rate (PB
m)

“… a clear path for globally 

modeling or remotely observing 

variability in chlorophyll-specific 

photosynthesis has even to this 

day never been identified. ”   

--Behrenfeld et al (2005)



Advantages: Issues/Challenges:

1. bbp can be directly inverted 

from Rrs

2. good understanding of μ

1. bbp is a lump sum of many

contributions

2. Large uncertainties in retrieved bbp

3. Difficult to determine χ

Carbon-based PP Model (CBPM) or bbp-based approach

(z) CphPP =  * ; (PAR)ph bp

ph

Chl
C x b h

C
=  

Alternative approach 1:



(Lee and Huot 2014)



(Behrenfeld et al 2005)



Absorption based PP estimation: Aph-based approach

(Behrenfeld and Falkowski, 1997)

Alternative approach 2:



(Behrenfeld and Falkowski, 1997)

 = dtdzaztEztzPP ph  ),(),,(),,()( 0



Basic relationship of photosynthesis (first principle):

(Kirk 1983; Smith et al 1989)

Quantum yield

Absorbed photons by phytoplankton

 = dtdzaztQzQ phphar  ),(),,()(

Ocean color aph PP

Absorption-based approach



Advantages: Issues/Challenges:

1. Follows the first principle of 

photosynthesis

2. Aph can be directly 

inverted from Rrs

3. Aph has PFT information

1. Limited Aph-PP data

2. Variation of ϕ is still fuzzy

Absorption based PP estimation

( )PP z Aph PAR  
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(Lee et al 2002)



(Lee et al 2002)

Comparison of phytoplankton absorption coefficients
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Global  aph(443)  from MODIS , Spring, 2010
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Comparison of Kd spectrum

Spectral Kd can be well derived based on physics!

(Lee et al 2013)



Absorption-based approach:

aph centered approach: (aph is pigment absorption coefficient)

 = dtdzaztEztzPP ph  ),(),,(),,()( 0

A model for quantum yield:

(Kiefer and Mitchell, 1983)



measured production (mol/l/day)
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(Lee et al. 2010)

Remotely-estimated PP compared with measured PP
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(Wu et al., under review)



(Westberry and Behrenfeld, 2013)



Chl has been a convenient index for phytoplankton 

biomass and intermediate parameter for PP for decades, 

due to its easiness in field measurements,

not really based on the first principle of photosynthesis.

It is time to move to Aph for the estimation of PP in the 

global ocean.



Thanks!


